Environmental heat stress is associated with an age-related increase in hepatic oxidative damage and an exaggerated state of oxidative stress. The purpose of this investigation was to evaluate the regulation of hepatic iron after heat stress. A secondary aim was to determine a potential role for iron in heat stress-induced liver injury. Hyperthermia-induced alterations in hepatic iron were evaluated in young (6 mo) and old (24 mo) Fischer 344 rats by exposing them to a two-heat stress protocol. Livers were harvested at several time points after the second heating and assayed for labile and nonheme iron. In the control condition, there was no difference in labile iron between age groups. Both labile and storage iron were not altered by hyperthermia in young rats, but both were increased immediately after heating in old rats. To evaluate a role for iron in liver injury, hepatic iron content was manipulated in young and old rats, then both groups were exposed to heat stress. Iron administration to young rats significantly increased hepatic iron content and ferritin, but did not affect markers of lipid peroxidation under control conditions or after heat stress. In old rats, iron chelation with deferoxamine prevented the increase in nonheme iron, labile iron, ferritin and lipid peroxidation after heat stress. These results suggest that iron may play a role in hepatic injury after hyperthermia. Thus, dysregulation of iron may contribute to the gradual decline in cellular and physiological function that occurs with aging.
Introduction
Iron represents a biological double-edged sword. While it is essential for life, it may also catalyze deleterious reactions within the cell. Several lines of evidence demonstrate that iron facilitates oxidative injury after various cellular and physiological stressors (1, 19, 27, 33, 38, 46) . Iron may also play a similar role with aging, which is associated with chronic oxidative stress. Interestingly, measures of both storage iron (9) and labile iron (the catalytically active form) have been shown to increase with aging in the liver (45). The liver plays a major role in whole-body iron metabolism (52) and we have previously observed increased levels of hepatic reactive oxygen species (ROS) and oxidative injury after heat stress in old animals (55). Since labile iron can be mobilized from intracellular sources by ROS (34, 39), and can contribute to oxidative injury, it may play a major role in hyperthermia-induced oxidative stress with aging.
The liver continually utilizes iron during normal metabolism and recycles a large proportion of iron from the circulation to the bone marrow for erythrocyte production (52).
Continuous turnover of intracellular metabolic enzymes as well as senescent and damaged red blood cells necessitates that the liver maintain tight control over intracellular iron. Conditions that perturb normal regulation of intracellular iron could elevate concentrations of labile iron, which could subsequently facilitate oxidative damage. Specifically, in vivo phorone treatment increases catalytically active iron in the liver (6) and renal ischemia/reperfusion elevates labile iron in the kidney (2) . Furthermore, in cell culture, exposure to ultraviolet radiation (37) and H 2 O 2 treatment (36, 53) both result in transient increases in labile iron. Oxidative stress is associated with all of these conditions and is thought to play a role in elevating labile iron.
The catalytically active pool of iron can increase with cellular and physiological stresses, and this elevation in labile iron can facilitate the associated tissue injury. The critical evidence that assigns a causal role to iron are studies that have reported diminished tissue injury after stressors with pretreatment of the iron chelator, deferoxamine (1, 10, 30, 35, 42, 49) .
Deferoxamine (DFO) is protective in animal models of tissue injury (19, 35) and in human cases of iron overload (49) and cardiovascular disease (1) . Specifically, in rodents, DFO protects against intestinal (19) and muscular (44) ischemia/reperfusion injury. In humans, chronic treatment with DFO reduced the frequency of cardiac disease in patients with Thalassemia major -an inherited disorder characterized by iron overload (49).
Considering the abundance of studies in both animals and humans assigning a causative role to iron in tissue injury, it was of interest to determine the role of iron in our model of aging and physiological stress. We have previously observed that old rats display hepatocellular injury after a repeated, physiologically relevant heat stress (16, 18, 54, 55); hence, this model provides a valuable in vivo model for the high morbidity and mortality rates observed in older humans with stress (28, 43). Changes in liver iron stores with aging have been well-characterized (9, 45), but the effects of a physiologically relevant stress on hepatic iron are less clear. Hence, the first goal of the present study was to evaluate the effects of heat stress on hepatic iron in young and old rats. It is unknown whether iron manipulation would affect liver injury after heat stress in young or old rats; therefore, a secondary aim was to evaluate a potential role for iron in hyperthermiainduced hepatic damage. Based on current evidence demonstrating that cellular stresses elevate labile iron (34, 36, 39), combined with our previous observations of increased steady-state levels of ROS after heat stress (55), we hypothesized that heat stress would cause an elevation in hepatic iron. Furthermore, since there is an exaggerated increase in hepatic ROS in old rats, it was postulated that they would experience a greater increase in labile iron after heat stress compared to young rats.
To address whether iron plays a role in mediating hepatic injury after heat stress, we increased hepatic iron stores in young rats to levels observed in old rats and then exposed them to heat stress. Conversely, we lowered hepatic iron with deferoxamine in old rats before heat stress. We hypothesized that iron administration to young rats would exacerbate liver injury after heat stress and that iron chelation in old rats would ameliorate liver injury.
Methods

Animal Protocols
Young (6 mo old; 300-400 g) and old (24 mo old; 350-450 g) male Fischer 344 rats (National Institute on Aging) were used in these experiments. Rats were housed in The University of Iowa Animal Care Facility, and all experimental procedures were approved by the institutional animal care and use committee. Animals were maintained at 22-24°C on a 12:12-h light-dark cycle and provided food (standard rat chow) and water ad libitum.
Separate sets of young and old rats were used in four different experimental protocols.
The first set of animals was used to compare the parenchymal and nonparenchymal distribution of storage iron between young and old rats under non-stressed conditions. Perl's Prussian Blue staining for iron deposits in fixed liver sections and a nonheme iron assay were employed for this purpose. The nonheme iron assay measures iron contained predominately in ferritin and hemosiderin (47) and is therefore a measure of storage iron in an organ. Hepatocytes were isolated from young and old rats according to Seglen's method as previously described (17) and then assayed for nonheme iron. Whole livers were harvested from a separate group of young and old animals and also assayed for nonheme iron.
The second set of animals was used to evaluate the effects of a two-heat stress protocol on hepatic labile iron and hepatic storage iron. Young and old rats were randomly divided into heated and sham-heated groups. Livers were harvested from sham-heated control animals and from animals euthanized immediately after (0 h), and at 2 h and 24 h after heat stress.
The third set of animals was used to determine the effects of iron administration on heat stress-induced oxidative damage in young rats. A two-heat stress protocol was employed for this purpose and animals that underwent heat stress were euthanized immediately (0 h) after the second heat stress. Only young rats were used in this protocol and the iron treatment procedure is described below. Animals were divided into four groups: 1) vehicle-treated, sham-heated control (V/C); 2) iron-treated, sham-heated control (Fe/C); 3) vehicle-treated, heated (V/H); and 4) irontreated, heated (Fe/H).
The final set of animals was an old cohort used to determine the effects of iron chelation on heat stress-induced oxidative damage in old rats. A two-heat stress protocol was employed for this purpose and animals that underwent heat stress were euthanized immediately after (0 h) the second heat stress. Only old rats were included in this protocol and these animals were treated with deferoxamine (DFO) as described below. Animals were divided into four groups: 1) vehicle-treated, sham-heated control (V/C); 2) DFO-treated, sham-heated control (DFO/C); 3) vehicle-treated, heated (V/H); and 4) DFO-treated, heated (DFO/H).
Heat stress protocols
All rats were handled daily and familiarized with a colonic temperature probe during the week preceding the heat stress protocol. The two-heat stress protocol was performed as previously described (55). On the day of the first heat exposure, each rat was fitted with a thermistor temperature probe inserted 6-7 cm into the distal colon and then placed in a plastic cage, conscious and unrestrained. Core temperature (T co ) was continuously monitored on a digital display. A baseline T co (37.0-38.0°C for both age groups) was established over a 5-min control period for each rat. Following the baseline period, T co was increased to 41°C over 60 min with an infrared lamp placed ~40 cm above each rat. The lamp was raised or lowered to obtain a stable ambient temperature of 38-40°C and movement of the lamp permitted a constant heating rate ( 0.06°C/min). T co was maintained at 41°C for an additional 30 min, at which point the thermistor probe was removed and rats were allowed to cool passively in a cage at room temperature. Twenty-four hours after the first heating, a second identical heating protocol was administered. Control animals underwent sham heatings at times that were similar to those of the heat stress groups; they were also fitted with a thermistor, placed in a plastic cage and remained under euthermic conditions for the duration of the heat stresses. Animals were euthanized at the indicated times after the second sham-heating trial or after the second heat stress (Fig. 1A) .
This heat stress protocol was designed to provide novel insights into the physiology of thermoregulation and the impact of aging on acute stress responses at cellular and systemic levels. For instance, the heating rate utilized simulates physiological conditions and generates a variety of systemic adjustments typically observed in humans (24, 25, 40). The T co response of 41°C was selected because it is below the T co threshold for heat-induced mortality (20) or heat stroke (7) in young rats. The rationale for heating rats to a T co of 41°C on two consecutive days is based on epidemiological data (28, 43), studies in our own laboratory (18, 55), and clinical accounts indicating that humans who survive an initial heat challenge are subsequently less heat tolerant and more susceptible to thermal injury than unexposed subjects (22).
At the designated time points after heat stress, animals were administered an overdose of pentobarbital sodium (80 mg/kg i.p.). Livers were collected and rinsed twice in phosphatebuffered saline, then immediately frozen in liquid nitrogen or fixed overnight in 10% neutral buffered formalin for subsequent analysis.
Hepatic iron administration to young rats
A pilot iron administration experiment was performed to determine the concentration of iron-dextran needed to approximately double hepatic iron concentration in young rats. Based on previously published results (3, 4) , young rats were treated with intraperitoneal (i.p.) injections of 10, 15, 20, and 50 mg/kg iron-dextran to increase hepatic storage iron to levels similar to those observed in old rats. A dose of 15 mg/kg iron-dextran was used for subsequent experiments since it most closely approximated the hepatic iron concentration in old rats. Furthermore, iron-dextran administration to young rats mimicked the pattern of iron deposition (predominately nonparenchymal) observed in old rats. The preliminary dose-response experiments also established that hepatic storage iron was increased in young rats at 24 h after iron-dextran injection and stayed elevated for at least 7 days after a single injection (data not shown). Dextran in saline was used as a control for iron treatment and these animals were randomly assigned to heat stress and sham groups. Rats were injected with iron-dextran on day 1 and subjected to the first of two heat stresses on day 5. This time point after iron injection was chosen to obviate a potential acute phase response caused by iron injection, which might confound results obtained from heating experiments. Twenty-four hours after the first heat stress, a second heating commenced and rats were euthanized immediately (0 h) after the second heating. Non-heated iron-treated and dextran-treated rats were euthanized on day 6, which corresponds to the time point when the 0 h post-heat stress group was euthanized. Figure 1B illustrates this protocol.
Iron chelation in old rats
Deferoxamine mesylate (DFO; Sigma Aldrich, St. Louis, MO) was employed to decrease hepatic iron content in old rats. Pilot studies established that a repeated dosing regimen of 200 mg/kg DFO per dose was necessary to lower hepatic storage iron in old rats. Hence, for the heat stress study, treatment began in the morning on day 1 and rats were injected every 12 h until the end of the study. DFO was weighed and dissolved in sterile saline immediately prior to each i.p. injection. On day 4, animals were injected in the morning with DFO and 2 h after the injection were exposed to the first of two heat stresses. DFO treatment continued during the two-heat stress protocol. On day 5, animals were injected at a similar time in the morning, then euthanized immediately after the second heat stress. Old animals injected with saline served as treatment controls and were randomly assigned to sham-heated and heated groups. Figure 1C depicts the timeline of events for this experiment.
Histology
To visualize iron deposits in liver samples, Perl's Prussian Blue staining was employed as previously described (4) . Slides were counterstained with nuclear fast red and coverslipped for microscopic analysis. Micrographs were taken in two liver regions: the area adjacent to the portal triad (periportal region), and the area adjacent to the terminal hepatic venule (perivenous region).
Histological damage was assessed by hematoxylin-eosin staining as previously described (55). Several fields from 6 animals in each group were scored by a reviewer blinded to the experimental condition.
Hepatic labile iron
Labile iron in liver samples was detected with electron paramagnetic resonance spectroscopy (EPR). Approximately 0.2 g of frozen liver tissue was homogenized in two volumes (0.4 mL) of 20 mM Tris buffer with a glass-on-glass homogenizer. To produce a unique EPR signal for this labile iron, the homogenate (400 µL) was incubated with 1 mM DFO for 45 min before being frozen in a quartz EPR tube (3 mm O.D.) with liquid nitrogen. A separate aliquot of the liver homogenate was set aside for protein determination via the Bradford assay.
Samples were stored at -80˚C until EPR analysis. EPR spectra were obtained with a Bruker EMX spectrometer operated at 9.43 GHz with 100 kHz modulation frequency. All measurements were made at 100 K using the ER4111VT variable temperature apparatus. Five scans of each sample were used for signal-averaging to improve the signal-to-noise ratio. The EPR spectrometer 
Hepatic storage iron
Storage iron was assessed in liver samples using a nonheme iron assay as described by
Torrance and Bothwell (47) with some modifications as previously described (4) . Results are expressed as µg iron per gram of dry weight liver. Primary hepatocytes that had been in frozen storage were subjected to the same protocol as whole liver tissue for determination of nonheme iron.
Hepatic malondialdehyde (MDA)
MDA was assessed in liver homogenates using a commercially available kit (Oxis International) according to the manufacturer's instructions as described previously (55). The MDA standard from the kit was diluted appropriately to yield a five-point standard curve and was subjected to the same steps as the liver homogenates. An aliquot of the same sample homogenate used for MDA determination was also used for determination of protein concentration via the Bradford assay. Results are expressed as nmoles of MDA per mg protein.
Immunoblots
Samples of rat liver were homogenized in 10 volumes of RIPA buffer (50 mM Tris (pH 7.4), 150 mM NaCl, 0.25% sodium deoxycholate, 1% SDS, 1 mM EDTA, 1 mM Na 3 VO 4 ) and 10 µL/mL of a protease inhibitor cocktail (Sigma, St. Louis, MO). Immunoblotting was performed as previously described (5) with a primary antibody against human ferritin (Santa Cruz -F5012, used at 1:1000) or 4-HNE (Alexis Biochemicals -ALX210-767, used at 1:1000).
Membranes were stored at 4°C for one week and then reprobed with a primary antibody against GAPDH (Ab Cam, 1:20,000) as a loading control. Protein bands were quantified with Gel Pro software (Media Cybernetics, Inc) and results are expressed as the ratio of ferritin or 4-HNE optical density to GAPDH optical density in arbitrary units.
Statistical analyses
Results from the first set of studies characterizing the effects of age and heat stress on hepatic iron were analyzed for statistical significance using a two-factor ANOVA with the SPSS statistical package (SPSS Inc, Chicago, IL). Results from the iron administration study (young rats only) and the iron chelation study (old rats only) were compared separately with a two-factor
Results
Effects of age on hepatic storage iron
To examine the effects of aging on the distribution of hepatic storage iron, liver sections were stained using Perl's Prussian Blue method. Figure 2A shows representative micrographs of periportal and perivenous regions from young and old rats. Stainable iron was frequently observed in nonparenchymal cells in both regions as well as in hepatocytes in the perivenous region in old rats. (Fig. 2A , bottom right panel). Young rats had very little stainable iron in hepatocytes and displayed rare nonparenchymal iron deposits.
Because of the pattern of iron deposits, samples of whole-liver tissue and primary hepatocytes were assayed for nonheme iron to quantitatively determine differences in parenchymal and nonparenchymal iron storage that occur with aging (Fig. 2B ). Both primary hepatocytes and whole-liver tissue samples from old rats contained more nonheme iron than similar samples from young rats. In old rats, whole-tissue samples contained significantly more nonheme iron than primary hepatocytes, which is consistent with the staining pattern shown in Figure 2A . In young rats, there was no significant difference in iron content between hepatocytes and whole-liver samples.
Labile iron and storage iron after a two-heat stress protocol
Since we observed striking differences between young and old rats in hepatic iron storage under non-stressed conditions, we asked whether hepatic iron was altered with a two-heat stress protocol. Accordingly, labile iron was measured via EPR and storage iron was measured with the nonheme iron assay. Liver samples from young and old animals harvested under non-stressed conditions and at 0, 2, and 24 h were used for analysis. Figure 3A shows original EPR spectra of representative liver samples from young and old rats. In the non-stressed condition, there was no difference in labile iron concentrations between young and old rats. However, immediately after heat stress (0 h), labile iron was significantly elevated in old rats ( Fig. 3A and 3B ). Labile iron was not altered at any time point assessed after heat stress in young rats.
The increase in hepatic labile iron after a two-heat stress protocol in old rats prompted further investigation into the source of the catalytically active iron. Because iron can be released from intracellular storage proteins, we measured hepatic storage iron with the nonheme iron assay. This assay measures tissue iron that is stored in ferritin and hemosiderin (47); therefore, measurement of storage iron combined with labile iron might provide information regarding iron flux in the liver after heat stress. Old rats had higher concentrations of storage iron than young rats at all time points examined (Fig. 4) . Hepatic storage iron was elevated in old rats that were exposed to a two-heat stress protocol immediately after the second heating (Fig. 4 ), but was not statistically different at any other time point. In contrast to old rats, young rats did not experience a change in storage iron with heat stress.
Effects of iron treatment on nonheme iron and liver damage after heat stress in young rats
Iron administration to young rats increased hepatic storage iron to levels observed in old rats (Fig. 5A) . In contrast to their old counterparts, young animals given iron did not experience a further increase in storage iron after heat stress (Fig. 5A) . To examine the effects of increased hepatic iron content in the young rats on oxidative damage, liver samples were assayed for the lipid peroxidation markers, malondialdehyde (MDA) and 4-HNE-modified proteins. Iron administration did not result in a significant change in MDA levels in young animals under nonheated conditions or after heat stress (Fig. 5B) . Hepatic 4-HNE-modified proteins and liver histology were similarly unaltered by heat stress and iron manipulation in young rats (not shown).
Effects of deferoxamine on labile iron, nonheme iron, and liver damage after heat stress in old rats
In vivo treatment with DFO greatly amplified the hepatic ferrioxamine signal in the control condition. While the EPR signal is a measure of labile iron, the spectrum itself is the DFO-iron spectrum (i.e. the ferrioxamine signal). This apparent amplification is due to the presence of DFO in the liver, which will continuously bind transit iron as it becomes available during normal metabolism. Thus the EPR signal of the ferrioxamine complex from the in vivo treatment with DFO is a result of the basal level of chelatable iron plus the integrated flux of the transient, labile iron that becomes available during the time of treatment with DFO. Hence the signal amplification observed is not necessarily an increase in the labile iron, but an increase in the DFO-iron signal due to the in vivo DFO treatment. The effects of DFO on labile iron after heat stress were therefore normalized to the nonheated group in each treatment group (saline vs DFO). Figure 6 shows representative EPR spectra from saline-treated (Fig. 6A ) and DFO-treated (Fig. 6B) animals. DFO treatment prevented the increase in hepatic labile iron observed in the saline-treated groups (Fig. 6C ).
DFO treatment also lowered storage iron under control conditions and prevented the increase in nonheme iron after heat stress (Fig. 7A) . In vehicle-treated old rats, hepatic MDA was elevated after heat stress. In contrast, animals that were treated with DFO did not experience a hyperthermia-induced increase in MDA (Fig. 7B) . Hepatic 4-HNE-modified proteins were 2-fold higher in old rats compared to young rats at all time points; however, they were not significantly altered by heat stress or iron manipulation in old rats (data not shown).
As previously reported (55), the histological damage score was higher in old rats compared to young. However, neither heat stress nor iron manipulation significantly affected liver histology in old rats (not shown).
Hepatic ferritin protein levels after iron manipulation and heat stress
As expected, iron administration to young rats resulted in a significant increase in hepatic ferritin expression. However, no effect of heat stress on ferritin protein was observed in either the vehicle-treated or iron-treated young rats (Fig. 8A) . Heat stress significantly increased ferritin protein levels in vehicle-treated old rats. Treatment of old rats with DFO significantly reduced ferritin protein in the control condition and prevented the increase after heat stress (Fig. 8B ).
Discussion
The results from the present investigation suggest that an impairment in the regulation of iron homeostasis may play a causal role in the gradual physiological deterioration that occurs with aging. Studies from other laboratories have shown that aging is associated with increased labile iron in the liver (45) and increased hepatic iron storage (9). Our results are consistent with the observations of increased iron stores and also demonstrate that there are both regional and cell-specific differences in iron deposition. Specifically, more hepatocellular iron deposition was observed in perivenous regions compared to periportal regions in old rats. The stainable iron present in hepatocytes in this area is likely due to increased ferritin iron stores (47). Interestingly, the perivenous zones also show elevated levels of lipid peroxidation damage after heat stress in old rats (55). While the current study does not definitively show that the higher iron storage in this region causes oxidative damage, a mechanistic link can be postulated. The perivenous liver region becomes hypoxic after heat stress (14) and hypoxia causes ROS generation from the mitochondrial respiratory chain (8). Iron can be released from ferritin by ROS (39), creating a scenario in which labile iron is available to react with the ROS and cause lipid peroxidation.
Thus, higher iron in this region may contribute to liver injury when old rats are subjected to a physiological challenge.
The differences in the effects of heat stress on hepatic iron in young and old rats were The elevation in storage iron with aging and the increase in labile iron after heat stress in old rats led us to investigate whether age-related differences in iron regulation contributed to liver injury after heat stress. Treatment of old rats with DFO prevented the hyperthermia-induced increase in both labile iron and MDA, which suggests that iron plays a role in heat stress-induced oxidative liver injury. Iron administration to young rats and iron chelation in old rats had differential effects on oxidative liver injury. We postulate that in young rats, the additional iron was directed to storage molecules, tightly sequestered and not available to catalyze oxidative injury. Support for this concept is seen in the induction of ferritin with iron treatment in young rats. The differential effects of iron manipulation on young and old rats suggest that the combination of aging plus a physiological challenge results in iron dysregulation and liver injury, rather than iron being the sole contributor. It is postulated that changes in the physiological environment that accompany aging, such as an increase in the pro-oxidative state, predisposes organisms to iron dysregulation and allows iron to contribute to oxidative injury. Hepatic ferritin protein levels were profoundly affected by heat stress and by DFO in old rats. The effects of DFO on ferritin paralleled its effects on labile and nonheme iron; DFO prevented the increase in ferritin in old rats after heat stress. The induction of ferritin protein with heat stress in old rats was a unique and unexpected finding, particularly since an elegant study by Cairo et al. has shown degradation of hepatic ferritin with in vivo oxidative stress (6) . In their study, an increase in labile iron occurred at the same time as ferritin protein degradation after phorone treatment (6) . It is likely that the differences in stress models could account for the differences in ferritin regulation observed between studies.
While 4-HNE-modified proteins were not altered with iron manipulation or heat stress, the elevation in labile iron and the effects of DFO on MDA suggest a causal role of iron in this model. Furthermore, there is evidence for differential responses of various oxidative damage markers to a particular oxidative stressor (21). For instance, in response to carbon tetrachloride (an agent commonly used to induce oxidative stress), plasma MDA increased while thiobarbituric acid reactive species (TBARS) and protein carbonyls remained unchanged (21).
Hence, the accumulation of specific oxidative biomarkers are dependent on the stress employed.
Although we observed differential accumulation of lipid peroxidation markers with stress, it is noteworthy that the physiologically relevant stress employed caused a marked alteration in iron homeostasis in old rats.
Perspectives and Significance
This study demonstrates clear effects of age and hyperthermia on hepatic iron homeostasis and suggests that fluctuations in iron after heat stress contribute to oxidative liver injury in old rats. Importantly, the alteration in iron regulation in old organisms occurs with a sublethal stressor. The moderate heat stress employed does not cause mortality, but clearly elicits dysfunction at cellular and physiological levels in old rats. This highlights the possibility that other moderate stressors may have similar deleterious effects in aged organisms. Impaired regulation of hepatic iron might also contribute to the gradual decline in physiological function that occurs with aging. For instance, repeated increases in labile iron over time could result in DNA damage, which would alter transcription of proteins that are crucial for homeostasis. Thus interventions such as iron chelation, antioxidants, and anti-inflammatory agents that beneficially affect the physiological environment and prevent fluctuations in iron may improve physiological function with aging. Delineating the cellular and systemic mechanisms that contribute to elevations in labile iron with a physiological stressor will be important areas of investigation for future studies. These approaches will identify potential therapeutic modalities to ameliorate physiological dysfunction with aging. = magnetic field in Gauss. C) Effects of DFO on hepatic labile iron in old rats after heat stress.
Results were normalized as described in Methods and are presented as means +/-SEM; n=7 rats per group. * Significant (p<0.05) effect of DFO treatment. 
Young
Old †
